We present fast timing photometric observations of the intermediate polar V2069 Cygni (RX J2123.7+4217) using the Optical Timing Analyzer (OPTIMA) at the Skinakas Observatory 1.3 m telescope. OPTIMA is a single-photon counting aperture photo-polarimeter with the timing accuracy of about 4 microseconds and absolute (GPS) tagging of photon arrival-times. The optical (450-950 nm) light curve of V2069 Cygni was measured with sub-second resolution during July 2009 and revealed a double-peaked pulsation with 743.385 (±0.250) s period. A similar doublepeaked modulation was found in simultaneous soft X-ray observations with the Swift satellite. We suggest that the 743.385 (±0.250) s period represents the spin of the white dwarf accretor. In the P orb -P spin diagram of all IPs, V2069 Cyg is rather an indistinct member of this population. It has however a rather low spin to orbit ratio of ∼ 0.027.
Introduction
Magnetic cataclysmic variables (CVs) are interacting close binary systems in which material transferred from a Roche-lobe filling low mass companion is accreted by a magnetic white dwarf (WD). Magnetic CVs are subdivided in two groups: polars (or AM Her type) and intermediate polars (IPs; or DQ Herculis type). In polars, the WD has a sufficiently strong magnetic field (B ∼ 10 7 − 10 8 G) which locks the system into synchronous rotation (P spin = P orb ) and prevents the accretion disk to form around the WD. In IPs, the field of the WD is slightly weaker (B ∼ 10 6 − 10 7 G) which does not force the WD to spin with the same period as the binary system (P spin < P orb ). The accretion in IPs happens through a disk with a disrupted inner region [1, 2, 3, 4] .
V2069 Cyg (RX J2123.7+4217) was discovered as a hard X-ray source by Motch et al. (1996) and identified as a CV [5] . Thorstensen and Taylor (2001) reported a most probable orbital period of 0.311683 days from spectroscopic observations [6] . De Martino et al. (2009) performed a preliminary analysis of XMM-Newton observations that showed strong peaks at the fundamental frequency of 116.3 cycles/day and harmonics up to the third [7] . The sinusoidal fit to the profile from both EPIC-pn and MOS data revealed a fundamental period of 743.2 ± 0.4 s and 55% pulse fraction. The spectral analysis confirmed that V2069 Cyg is a hard X-ray emitting IP with a soft X-ray component.
Observations
We performed photometric observations of V2069 Cyg with the Optical Timing Analyzer (OPTIMA) instrument at Skinakas Observatory, Crete, Greece and simultaneous soft X-ray observations with the Swift/X-ray telescope (XRT) in the energy range of 0.3-10 keV. Swift XRT operated in Photon-Counting mode with a time resolution of 2.5073 s. The log of the observations is given in Tab. 1. The high-speed photometer OPTIMA has been designed as a sensitive, portable detector to observe extremely faint optical pulsars and other highly variable astrophysical sources. The detector contains eight fiber-fed single photon counters -avalanche photodiodes (APDs), and a GPS for the time control. The fiber array is configured as a hexagonal bundle (Fig. 1) . A separate fiber is located at a distance of ∼1´as a night sky background monitor. Single photons are recorded in all channels with absolute timing accuracy of ∼ 4µs. The quantum efficiency of APDs reaches a maximum of 60% at 750nm and lies above 20% in the range 450-950nm [8] .
Data analysis
We analysed the data using the HEAsoft analysis package, FTOOLS ver. 6.9 and XRONOS ver. 5.22. The source position obtained from Swift data is: RA (J2000) = 21 23 44.69, Dec (J2000) = +42 17 59.6 with an error radius of 3.5 arcseconds. OPTIMA was pointed at RA (J2000) = 21 23 44.82, Dec (J2000) = +42 18 01.7. The X-ray and optical photon arrival times were converted to the solar system barycenteric time. For XRT data we applied the following types of filters: grade 0-4, energy 0.3-10 keV and a circle region filter centered at the position of the source with 10 pixels radius (corresponding to ∼ 23.5 arcsec). OPTIMA count rates of the source were obtained from the central fiber (Fig. 1) . Raw data were binned with 1 s and the corresponding background counts were subtracted. The fiber number 5 was chosen as the best representative of the background (Fig. 2) .
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Photometric observations of V2069 Cyg Ilham Nasiroglu The resulting light curve shows a prominent periodic variability (Fig. 3 ). The power spectrum was computed with the FFT algorithm and normalized such that the white noise level expected from the data uncertainties corresponds to a power of 2 (Fig. 4) . It shows peaks at the spin frequency 0.00134277 Hz and its first harmonic 0.00268555 Hz (periods 744.7 s and 372.35 s, respectively), as well as an instrumental frequency of 0.03718 (26.9 s). The 744.7-s period in the Xronos/efsearch task which folds the light curve with a large number of trial periods around an approximate period, reveals the best spin period of the white dwarf as 743.385 (±0.250)s (Fig. 5) . We found that the first harmonic is much stronger than the fundamental. Very similar behavior has been observed in the XMM-Newton data for another IP, V405 Aur. Here the first harmonic is stronger at energies below 0.7 keV, while the fundamental is stronger at energies above 0.7 keV [9] .
The optical light curve folded with the 743.385-s spin period shows a double peaked profile
Photometric observations of V2069 Cyg Ilham Nasiroglu (see Fig. 6 ) with very high duty cycle (90%). Its soft X-ray emission also shows a double-peak modulation at the white dwarf spin period (see Fig. 7 ), however the weaker peak is marginal. The optical and the X-ray light curves are out of phase. The hard emission reported by de Martino et al. (2009) has a sinusoidal modulation with 55% pulsed fraction [7] . They also reported that the X-ray pulses are anti-phased with the optical ones. If the case of V2069 Cyg is similar to that of the V405 Aur, then the optical peak that is observed with the XMM-Newton OM in the B-band most likely corresponds to the first peak in our folded OPTIMA light curve.The X-ray spectra of V2069 Cyg and V405 Aur show blackbody components with temperatures of 56 eV and 39.7 eV,
Photometric observations of V2069 Cyg Ilham Nasiroglu respectively. Moreover, they have quite similar spin-orbit period ratios of 0.0276 for V2069 Cyg (743.385-s/26928-s) and 0.036 for V405 Aur (545.5-s/14986-s).
Most likely the modulation of the blackbody emission is due to the changing perspective onto the accreting pole caps. We view the heated surface most favorably when on of the poles points towards us, therefore we see a double-peaked modulation. The peak separation is 0.5 in phase, however the magnetic axis can not be very highly inclined (i.e. close to 90 degrees), because we see only a small difference in the peak intensities. Evans and Hellier (2004) suggested that IPs with shorter spin periods will have smaller magnetospheres in which the accretion discs are disrupted nearer to the white dwarf. This could result in shorter, fatter 'accretion curtains' of
Photometric observations of V2069 Cyg Ilham Nasiroglu material which might have lower opacity in the vertical direction, thus preferentially beaming Xrays along magnetic field lines. The two magnetic poles would combine to produce a doublepeaked pulsation [9] . In addition we adopted Mukai's classification (http://asd.gsfc.nasa.gov/Koji. Mukai/iphome/iphome.html) of IPs and updated his P spin -P orb diagram including V2069 Cyg which is shown in the Fig. 8 and Tab. 2. Several IPs are found close to P spin / P orb = 0.1. There are 25 systems in the range 0.01 < P spin / P orb < 0.25 and P orb > 3 hrs, 4 systems with P spin / P orb ≥ 0.1 and P orb < 2 hrs, and only one system with P spin / P orb ∼ 0.049 that lies in the 'period gap'. Finally there are 5 systems with P spin / P orb < 0.01.Those are defined as fast rotating white dwarfs. Only one of them shows propeller behavior, i.e. AE Aqr. They also show the soft X-ray blackbody
Photometric observations of V2069 Cyg Ilham Nasiroglu Figure 8 : P orb -P spin diagram of 35 IPs: DP -double-peak pulsation; SXR -soft X-ray component; disklesshave no accretion disk. The vertical dashed lines show the approximate location of the 'period gap', and the diagonal lines are for P spin =P orb (solid) and P spin = 10/100/100 × P orb (dashed). V2069 Cyg is located well within the population of double peak IPs with soft X-ray component but has a rather low spin-orbit period ratio of 0.0276. component in their spectrum [10, 11, 12, 13, 14] .
Conclusions
We conclude that V2069 Cyg is an example of an intermediate polar that shows the doublepeak pulsations. It shows a soft blackbody component in X-ray spectrum and its soft X-ray and optical emission have a double-peaked modulation likely associated with the white dwarf spin period. We have also performed the simultaneous optical/X-ray observations of V2069 Cyg to search for any delays between these two energy bands. These data are being analyzed. In the near future we will also perform polarization observations of this system to better constrain its geometry.
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